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Addendum prepared by Marissa Thompson, Vivian Xiao, and Shannon Gilmartin. We thank analysts 

Simon Barth, Kai Jun Chew, and Abisola Kusimo for their contributions in helping to design and 

administer EMS 3.0 and build EMS 3.0 data. 

 

Addendum Section 2.1: Methods 

 

2.1.1 EMS 3.0 Development and Administration 
 

The EMS 3.0 instrument was designed and piloted over a six-month period in 2017 (April-October). 

Team efforts went into development and pilot-testing of EMS 3.0 at eight different sites (representing 

both students at colleges/universities and early career engineers in industry settings) and building a high-

integrity mail-out list that captured the best email address we had on file for each respondent. The general 

timeline was as follows: 

 

 April and May were dedicated to mail-out list development and fixing limited-functionality issues 

present in our EMS 2.0 instrument 

 June and July were dedicated to team discussion and design of 3.0 content  

 August and September were dedicated to pilot-testing  

 October was dedicated to revisions of recruitment materials, final approval for the project from 

Stanford's Institutional Review Board (IRB), and survey launch  

 

Pilot-testing proceeded in three major stages: Phase 1 collected information on proposed items; Phase 2 

tested new branching logic that created eight possible degree+employment pathways through the survey 

(later pared to 4 main pathways); and Phase 3 examined an edited-down survey in close to final form. 

During this last phase, the survey also was shared with all members of the PATHS Advisory Committee 

to gather further feedback. The result was a four-section survey instrument covering different aspects of 

the school-to-work transition (1-Degree Information; 2-Undergraduate Experiences; 3-Attitudes and 

Plans; 4-Employment and Job Search) (a final section contained permission questions for the Amazon gift 

card random drawing and future research, as well as a question about which type of device was used by 

the respondent to complete the survey). There are 176 questions on the survey, although due to the 

branching structure, no one respondent was presented with all 176 questions. 

 

EMS 3.0 was launched on October 17, 2017 to 3,355 individuals who fell into one of two "permission 

groups": 1) Individuals who indicated on EMS 2.0 that they agreed to be contacted for future surveys, and 

2) Individuals who indicated on EMS 1.0 that they agreed to be contacted for one additional follow-up 

survey and who had not responded to EMS 2.0 (thus, they could be contacted at one more time-point). 

Email addresses were voluntarily reported on EMS 1.0 and 2.0 by a large fraction (~50%) of the baseline 

sample, as part of our permission procedures. A small subset of the 3,355 (n=34) had already participated 

in one follow-up interview as well; these respondents received customized recruitment letters reflecting 

their interview involvement. The survey was built and administered in Qualtrics; mail-out and survey data 

files were securely stored in Box. Research team members were (and still are) required to complete IRB 

Human Subjects Research training, as well as agree to a customized set of EMS Data Access Guidelines, 

before they were given access to the datafiles.  

 

Following the survey launch and two reminders to nonrespondents, EMS 3.0 closed on November 5. A 

total of 1,104 individuals opened the survey link; of these, a total of 957 individuals completed the survey 
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(i.e., made it to the last survey question). An additional 101 individuals were retained in the April 30 2018 

"first-release" survey dataset as "partial" cases that dropped the survey at some point (but were deemed to 

have some proportion of potentially usable data). Of this group of 1,058 respondents, 578 participated in 

EMS 2.0 and 480 did not (as a reminder, all 1,058 individuals completed EMS 1.0). A small number of 

the 578 2.0 participants (n=24) did not complete the 2.0 survey and therefore were not presented with 

permission questions at that time; although we were allowed to recruit these individuals to participate in 

EMS 3.0, they cannot be followed up with again unless customized permission is developed and approved 

by the IRB. These 24 individuals are flagged in the EMS 3.0 dataset as "s2partialresp=1". 

 

The 3.0 survey response rate, calculated here as 31.7 percent ([=1058/(3355-26 bouncebacks)] is lower 

than the response rate to EMS 2.0 (at about 40%), but higher than the 20 percent response rate to EMS 1.0 

(which, in 2015, was administered to over 35,000 students identified by our 27 participating institutions 

as juniors and seniors who were engineering majors, see Technical Report for details). This fluctuation in 

response rate is perhaps not surprising considering that we did not change the survey incentive budget 

(although we offered fewer gift cards for higher amounts in 3.0 versus 2.0), the possibility of survey 

fatigue, and the fact that baseline respondents were now further along in their post-graduation careers 

(and thus presumably harder to reach/not checking older email accounts as often - note that 68% of the 

email addresses to which EMS 3.0 was sent were non-school-affiliated, e.g., gmail accounts).   

 

Fifty EMS 3.0 respondents were randomly selected to receive a $100.00 Amazon gift card as a thank-you 

for survey participation. These gift cards were distributed in December 2017.  Nonresponse bias analyses 

are currently underway; early findings suggest that women, particularly women from non-

underrepresented racial/ethnic backgrounds, are overrepresented among 3.0 respondents (by an even 

higher margin than was observed in 2.0).  

 

2.1.2 EMS 3.0 Dataset Building 
 

The dataset was cleaned and built over a six-month period (November 2017-April 2018).  

 

Major steps in dataset development included: 

1. Excluding non-usable partial cases for the purpose of analysis (this resulted in a loss of 1104-

1058=46 cases - mainly individuals who opened the survey and did not proceed past the first 

question, with one additional individual who replied "no" to the consent question at the start of 

the survey). 

2. Assigning variable names and labels to all 3.0 survey items (prefix is "s3", for survey 3). 

3. Fixing "mark all that apply" type questions so format matches the rest of the dataset.  

4. Examining and coding different types of missing data (e.g., voluntary skips [-4] vs. unseen 

questions due to branching [-5] vs. survey attrition [-7]). (See next section.) 

5. Checking names across 1.0, 2.0 and 3.0 to verify that surveys were answered by the same person 

and to update emails as needed. 

6. Cleaning open-ended degree type and field questions (for all undergraduate, graduate, and "future 

degree" items), trying to stay as consistent as possible with coding decisions in 1.0 and 2.0. 

Cleaned variables are denoted with an "n" (i.e., s3q6n) while the archived version does not have 

an "n" (i.e., s3q6). To further check our coding, we analyzed student degree pathways across 1.0, 
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2.0 and 3.0 to make sure that coding decisions stayed consistent within a respondent for the 72 

respondents whose degree fields needed cleaning/coding from 3.0.  

a) Cleaning of the open-ended questions was completed first by Marissa Thompson and 

Shannon Gilmartin separately, with discussion and agreement determined for those 

cases where we came to different conclusions in our first pass. Trying to stay 

consistent with definitions of certain majors at the institutions represented in our 

dataset, we used an institution’s online references to determine the closest major that 

might apply. For example, a major in "Biomechanical Engineering" might be either 

in a school's department of Biological Engineering or within a Mechanical 

Engineering department, and when possible we adhered to the school's classification. 

We also referred to previous coding of majors from specific institutions in 1.0 and 

2.0 to maintain consistency.  

7. Cleaning "name of institution" and "class standing" open-ended responses for undergraduate 

degrees. (“Name of institution” for graduate degrees remains in open-ended, non-coded form as 

of the April 30 first release.) 

8. Cleaning Computer Science and Engineering Technology fields to match institutions' degree 

offerings (i.e., categorizing CS into engineering or non-engineering depending on what each of 

the 27 institutions actually offer, and recoding Engineering Technology responses into their 

engineering-only counterparts if the institution did not actually offer an Engineering Technology 

degree). This process was consistent with 2.0 coding decisions. 

9. Creating flags for different type of partial respondents (resulting in "s3deleteflg" and 

"s3partialscreen").  

 

2.1.3 Missing Data Across the Three EMS Datasets 
 

Each datafile (1.0, 2.0, 3.0) has four types of missing data: voluntary skips (a respondent sees the question 

but opts not to answer, corresponding to a missing data value of -4), unseen questions (due to 

branching/not qualifying for a certain branch of questions, corresponding to a missing data value of -

5),  survey attrition (dropping out of the survey at a certain point, corresponding to missing data values of 

-7 at that question and thereafter), and marking "I prefer not to answer" (present on EMS 1.0 only, which 

forced responses to all questions but offered this response option for each, corresponding to a missing 

data value of -9). (EMS 1.0 also has a fifth type: a missing value computed manually via the data cleaning 

process, corresponding to a value of -8 - see EMS 1.0 codebook.) These are substantively different 

categories that may merit different imputation considerations and techniques. At the time of this writing, 

analysts can evaluate different imputation options depending on their research questions and the specific 

sub-sample of respondents under study. 

 

Another major detail about missing data in EMS relates to how survey attrition is accounted for in each 

dataset. All three datasets include respondents who dropped the survey at some point. The difference, at 

the time of this writing, is in the extent of partial response required to qualify for the analysis sample. 

While no dataset includes respondents who answered the first question only and then dropped out, EMS 

2.0 has a stricter standard for "percent of questions completed" than does EMS 1.0, as a way to improve 

the robustness of the initial longitudinal (1.0-2.0) dataset.  Specifically, the EMS 2.0 dataset excludes any 

respondent who dropped the survey by the end of Section A, in effect providing only degree information 

and no other response to the "core" EMS survey questions as captured in the foundational SCCT model. 
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(These decisions are explained at length in the Technical Report.) The EMS 3.0 dataset, by contrast, 

includes respondents who dropped the survey by the end of Section A in order to keep three time-point 

imputation options open, e.g., the imputation of a fully third wave of data given two other complete time-

points. Investigation of this approach is underway, beginning with a review of other longitudinal studies 

similar to EMS and missing data techniques in these studies. 

 

 

2.1.4 Notes for Dataset Adjustments Based on Analyst Feedback 

 “emsidp”, our unique numeric student identifier, is capitalized in 3.0 only, which creates 

problems for merging by emsidp in R (SPSS and Stata merging processes are not case-sensitive); 

this variable needs to be re-labeled in lower case letters for R merges 
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Addendum Section 2.2: Measures on Engineering Majors Survey 1.0, 2.0 and 3.0 ("---" indicates 

items/construct not on respective survey) 

 

[This is Table 2 from Technical Report, revised and updated to reflect EMS 3.0.] 

  

 

Asked on 1.0 Asked on 2.0 Asked on 3.0 

Innovation measures 

Innovation Self-Efficacy (ISE) 

  
Innovation Self-Efficacy (ISE) 

  
Innovation Self-Efficacy (ISE) 

 

*Only 5 items asked on 3.0 (vs 6 

on 1.0 and 2.0), in keeping with 

ISE.5 construct 

Innovation Outcome 

Expectations (IOE) 

  

Innovation Outcome 

Expectations (IOE) 

 

*Modified from 1.0 to 2.0 

--- 

Innovation Interests (InI) Innovation Interests (InI) Innovation Interests (InI) 

Career Goals: Innovative 

Work (CGIW) 

Career Goals: Innovative 

Work (CGIW) 

Career Goals: Innovative Work 

(CGIW) 

--- 

  
Career Outcomes: Innovative 

Work (COIW) 

 

*Asked of employed respondents 

only (incl. graduate student 

assistants and students employed 

PT/FT) 

Career Outcomes: Innovative 

Work (COIW) 

 

*Asked of employed respondents 

only (incl. graduate students 

employed PT/FT, excl. 

undergraduates employed PT/FT) 

Engineering task measures 

Engineering Task Self-Efficacy 

(ETSE) 

Engineering Task Self-Efficacy 

(ETSE) 

Engineering Task Self-Efficacy 

(ETSE) 

--- 

  
Engineering [Task] Outcome 

Expectations (EOE) 

--- 

--- Engineering Interests (EI) Engineering Interests (EI) 

--- 

  
Career Goals: Engineering 

Tasks (CGET) 

Career Goals: Engineering 

Tasks (COET) 
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--- 

  
Career Outcomes: Engineering 

Tasks (COET) 

 

*Asked of employed respondents 

only (incl. graduate student 

assistants and students employed 

PT/FT) 

  

Career Outcomes: Engineering 

Tasks (COET) 

 

*Asked of employed respondents 

only (incl. graduate students 

employed PT/FT, excl. 

undergraduates employed PT/FT) 

Pathways and employment measures 

Job targets 

 

*e.g., “How likely is it that you 

will do each of the following in 

the [first five years after you 

graduate] [next five years]:1  

 

-Work as an employee for a 

small business or start-up 

company” 

[and then 7 other job targets] 

Job targets 

  
Job targets 

Engineering plans 

 

*e.g., “How likely is it that your 

work will involve engineering 

(e.g., engineering practice, 

research, management, or sales) 

in…  

 

-[The first year after you 

graduate] [One year from now] 

-[Five years after you graduate] 

[Five years from now] 

-[10 years after you graduate] 

[Ten years from now]1 

Engineering plans 

  
Engineering plans 

--- --- Interest in engineering 

management roles, individual 

contributor roles, non-

engineering roles 

 

*New set of questions developed 

for 3.0 

Graduate school plans 

 
Graduate school plans 

 

*2.0 asked about one potential 

graduate degree 

Graduate school plans 

 

*3.0 asked about one potential 

graduate degree 
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*1.0 asked about two potential 

graduate degrees respondents 

may be interested in 

--- 

  
Current job characteristics: 

Occupation, industry, location, 

role, engineering classification, 

frequency of challenging 

assignments, satisfaction 

 

*Asked of employed respondents 

only (incl. all students employed 

PT/FT) 

 

*Employed respondents (incl. 

students) were invited to 

elaborate on their current 

employment situation in an open-

ended text box 

Current job characteristics 

Part 1: Occupation, industry, 

location, role, engineering vs. 

non-engineering job, business 

unit 

 

*Asked of employed respondents 

only (incl. all students employed 

PT/FT) (note some item revisions 

compared with 2.0) 

 

*Employed respondents (incl. 

students) were invited to 

elaborate on their current 

employment situation in an open-

ended text box 

--- --- Current job characteristics 

Part 2: Frequency of different 

types of assignments, Proactive 

Behavior scale, workplace 

interactions and 

“belonging”/fit, satisfaction, 

career plans for the next year 

 

*Asked of employed respondents 

only (incl. graduate students 

employed PT/FT, excl. 

undergraduates employed PT/FT) 

--- 

  
Job search characteristics 

 

*Asked of employed non-

undergraduate respondents only 

  

Job search characteristics 

 

*Revised and expanded from 2.0 

to 3.0 – some version of these 

questions asked of every 

respondent in the dataset 

regardless of student and 

employment status (see Survey 

Map for more detail) 

--- 

  
Reasons for unemployment 

 

*Asked of unemployed non-

student respondents only 

Reasons for unemployment 

 

*Asked of unemployed non-

student respondents only 
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--- 

*Note one brief question in 

“undergraduate experiences” 

asking about internship/co-op 

--- 

*Note one brief question in 

“undergraduate experiences” 

asking about internship/co-op 

Internship/Co-op experience 

 

*e.g., “Have you completed an 

internship or co-op at an 

organization (at any time during 

or since college)?” 

 

“At how many different 

organizations have you been an 

intern/co-op since you first 

entered college?” 

 

“In your estimation, what is the 

likelihood that your internship or 

co-op experience(s) will result in 

a job offer from (at least one of) 

the organization(s) you worked 

for?” 

 

Open ended comments on “In 

which ways have your internship 

or co-op experiences shaped your 

views on how you will approach 

your job search, and/or which 

type(s) of positions you want to 

have in the workplace?” 

 

*New set of questions developed 

for 3.0; questions asked of 

employed non-undergraduates 

were slightly different from those 

asked of all others (see Section 

D3iii in Survey Map) 

Open-ended comments on 

career plans in “next five years 

or beyond” 

Open-ended comments on 

career plans in “next five years 

or beyond” 

--- 

 

--- --- Open-ended comments on 

“Recommendations for school-

to-work pathways”  

 

*New question asked in 3.0 
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Measures of learning experiences, contexts, and background characteristics 

Demographic/background 

characteristics 

 

*Includes sex, racial/ethnic 

status, parents' education, 

citizenship status, age, exposure 

to entrepreneurship from 

family/friends 

--- 

  

--- 

Academic characteristics 

 

*1.0 includes major, minor, 

certificates, concentrations 

  

Academic characteristics 

 

*On 2.0, asked in the form of: 

which degrees are you currently 

pursuing/which degrees have you 

already earned (bachelor’s and 

graduate/professional degrees) 

Academic characteristics 

 

*3.0 repeated 2.0 structure (with 

slightly different wording to 

minimize marking error) 

High school and 

undergraduate experiences 

  

Undergraduate experiences 

 

*On 2.0, asked of currently 

enrolled bachelor’s students only 

(and excludes high school items) 

Undergraduate experiences 

 

*On 3.0, asked of currently 

enrolled bachelor’s students only 

(and excludes high school items) 

--- 

  
Financial concerns 

 

*Relating to U.S. economy, 

finding a job to pay down debt, 

finding competitive compensation 

package 

Financial concerns 

 

*Relating to U.S. economy, 

finding a job to pay down debt, 

finding competitive compensation 

package 

--- 

  
Mindfulness 
 

*Relating to dispositional 

mindfulness, openness to the new 

or novel, and frequency of 

mindfulness-related behaviors 

  

Mindfulness 

 

*Pared down for 3.0  - openness 

to new or novel (“unfamiliar 

experiences”) items only 

   

1 
On the 2.0 and 3.0 instruments, the question and stem prompts for these items varied by respondent status, e.g., 

currently enrolled student versus all others. 

NOTE: Of possible interest to analysts: EMS 1.0 included two interest items on being involved in work to address 

“societal challenges” and having “significant financial potential”, respectively; these items were not repeated on 2.0 

and 3.0. EMS 1.0 included confidence items on “leading a team of people”, “communicating ideas”, and “taking 

steps needed to place financial value on a venture”; only “leading a team of people” was repeated on both follow-up 

surveys
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Addendum Section 2.3: EMS 3.0 Map
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EMS 3.0 Map: Job search questions (questions shaded in same color denote common questions across branches)
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EMS 3.0 Map: Sample Survey Pathway: Currently enrolled undergraduate with a PT job – How would they take the survey?
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EMS 3.0 Map: Sample Survey Pathway: Currently enrolled graduate student with a PT job – How would they take the survey?



   

 
14 

EMS 3.0 Map: Sample Survey Pathway: Graduate (not a current student) working FT in industry – How would they take the survey?

  


